Ultrasonic velocity, density and viscosity of some synthesized chalcones were measured in N,N-dimethyl formamide and chloroform at different temperatures (298.15 to 318.15 K). From these experimental data, various acoustical parameters such as specific impedance (Z), adiabatic compressibility ( s ), Rao's molar sound function (R m ), intermolecular free path length (L f ), solvation number (S n ), internal pressure (π) have been calculated in order to understand the molecular interactions in the studied solutions. The results are interpreted in terms of molecular interactions occurring in the solutions.
Introduction
Ultrasonic, a versatile non-destructive technique is a subject of extensive research because of its applications in various fields such as biology, medicine, in chemical industries, consumer industries, medical field, physics, etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] . Further, now a days, ultrasonic waves are used in chemical and food processing industries [10] [11] [12] [13] .
The study of ultrasonic velocity along with density and viscosity at different temperatures and concentrations has been used to draw conclusion about molecular interactions, complex formation, etc. [14] [15] [16] . The ultrasonic technique is highly sensitive to molecular interactions and it gives valuable information about nature and strength of molecular interactions in solutions.
Chalcones are an important class of biologically active compounds which are known to exhibit a wide spectrum of biological and pharmacological activities like antispasmodic, anti-helmintics, anti-inflammatory, antiviral, ant allergic, antifungal, antibacterial, anticancer, anti-tubercular, anti-HIV, antioxidant, etc. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
Owing to vast biological and pharmacological applications of chalcones, it would be interesting to study acoustical properties of such compounds. The obtained data may be useful to scientists for Quantitative Structure Activity Relationship (QSAR) study of these compounds.
Thus, in the present work, some new chalcones are synthesized and their structure characterization was done by IR, 1 H NMR and mass spectral data. The density, ultrasonic velocity and viscosity of these synthesized compounds were measured in N,Ndimethyl formamide and chloroform over a wide range of concentration at different temperatures. From these experimental data, various acoustical parameters such as specific impedance (Z), adiabatic compressibility (κ s ), Rao's molar sound function (R m ), inter molecular free path length (L f ), solvation number (S n ), internal pressure (π) have been calculated. The obtained results are discussed in term of solute-solute and solute-solvent interactions occurring in the studied solutions.
Experimental
Materials α-tetralone, methanol, 4-fluoro benzaldehyde and 4-methyl benzaldehyde used in the synthesis were supplied from Spectrochem Pvt. Ltd. (Mumbai, India). The solvents, DMF and chloroform used in the present work were of AR grade supplied by LOBA Chemie Pvt. Ltd. (Mumbai, India) and were purified according to the standard reported method [28] .The purified solvents were kept over molecular sieves. The final purities of the solvents were checked by GC-MS (SHIMADZU-Model No.-QP-2010).
Synthesis
Equimolar mixture of α-tetralone and substituted benzaldehydes in ethanol was refluxed for 4 h in presence of catalytic amount of potassium hydroxide. The reaction progress was checked by analytical thin layer chromatography (TLC) using (4:1-Hexane: Ethyl acetate) as mobile phase. After completion of reaction, the temperature of reaction mass was allowed cool up to room temperature and the resulting solid was filtered, washed with water and was dried under vacuum to give crude product. The obtained crude product was purified by washing with diethyl ether.
The reaction scheme is given in figure 1. 
Spectroscopy study
The structure of the synthesized compounds was confirmed by IR, 1 H NMR and mass spectral analysis. The IR spectra of compounds were taken on FT-IR (SHIMADZU Model-IRaffinity-1S). 1 H NMR spectra were taken on a Bruker AVANCE III (400 MHz). In all the cases, 1 H NMR spectra were obtained in deuterated dimethyl sulfoxide (DMSO-d 6 ) using TMS as an internal standard. The NMR signals are reported in δ ppm. Mass spectra were determined using direct inlet probe on a GC-MS (SHI-MADZU Model-QP2010) mass spectrometer.
The melting points of compounds were measured by Different Scanning Calorimeter (SHIMADZU DSC-60) under nitrogen atmosphere.
Measurements of density, ultrasound velocity and viscosity

Measurements of density and ultrasound velocity
The solutions of chalcones were prepared in DMF and chloroform in the concentration range from 0.01 to 0.10 mol.L . An electronic balance (Mettler Toledo Model-AB204-S) with accuracy of ±0.0001 g was used for weighing.
The density and ultrasonic velocity of pure solvents and solutions were measured at different temperatures (298.15, 308.15 and 318.15 K) using Anton Paar Density and Sound velocity meter (DSA 5000M). The temperature was controlled up to ± 0.01 K by a built-in Peltier device. Before measurements, the instrument DSA 5000M was calibrated by ultra-pure water in the experimental temperature range. The standard uncertainty of the density and ultrasonic velocity was found to be 0.5 kg.m -3 and 0.5 m.s -1 , respectively.
Measurement of viscosity
To determine the viscosity of pure solvents and solutions, Ubbelohde viscometer was used. The measured quantity of the distilled water / solvent / solution was placed in the viscometer, which was suspended in a constant temperature bath (NOVA Instruments Pvt. Ltd.-Ahmedabad) (NV-8550 E) at definite temperature. The accuracy of bath was ± 0.5° C. A digital stop watch (Hanhart-Germany) with accuracy of ± 0.01 second was used to determine flow time of solutions. Using the flow times (t) and known viscosity of standard water sample, the viscosity of solvent and solutions were determined according to equation:
where η 1 and η 2 are the viscosities of water and solutions respectively; t 1 and ρ 1 are the flow of time and density of water whereas t 2 and ρ 2 are the flow of time and density of solutions respectively.
Results and Discussion Table 1 shows the substitutions and other physical properties of synthesized compounds. [A]
[B] Table 2 shows experimental density, ultrasonic velocity and viscosities of pure solvents and solutions of both the compounds. From the experimental data of density, viscosity and ultrasonic velocity, various acoustical parameters such as specific acoustical impedance (Z), adiabatic compressibility ( s ), intermolecular free path length (L f ), Rao's molar sound function (R m ), free volume (V f ), internal pressure (π), solvation number (S n ) etc. are evaluated using following equations:
Specific acoustical impedance (Z):
Adiabatic compressibility (κ s ):
Intermolecular free path length (L f ) [29] :
where K j is Jacobson constant (=2.0965 x 10 -6 )
Rao's molar sound function ( R m ) [30] :
where M is the apparent molecular weight of solution and can be calculated according to the following equation:
where W 1 and W 2 are weight fractions of solvent and solute respectively. M 1 and M 2 are molecular weights of the solvent and solute respectively.
Free volume (V f ) [31] :
Internal pressure (π) [32] :
Solvation number (S n ) [31] :
where X is the number of grams of solute in 100 g of the solution. M 1 and M 2 are the molecular weights and κ a1 and κ a are adiabatic compressibility of solvent and solute respectively.
Some of these evaluated parameters are reported in table 3. Figure 4 shows the variation of ultrasonic velocity with concentration for the studied compounds in both the solvents. It is observed from Figure 4 that the velocity increases almost linearly with concentration for both SB-1 and SB-2 in chloroform whereas in dimethyl formamide, the increase is non-linear. Further, the velocity is higher in DMF than that in chloroform. The increase of velocity is related to intermolecular free path length (L f ) which is found to decrease with concentration in both the solvents as shown in Figure 5 . Again, the decrease is linear in chloroform and non-linear in dimethyl formamide for both the compounds. Thus, velocity is reciprocal of intermolecular free path length. The decrease of L f suggests that compound and solvent molecules interact with each other i.e., compound-solvent interactions takes place in solution. This causes decrease in distance between compound and solvent molecules causing thereby an increase in velocity. Table 3 shows that Rao's molar function increases continuously for all the solutions for both the compounds indicating thereby that there is no complex formation in the studied solutions. The internal pressure (π) is a measure of cohesive energy in the solution which is found to decrease. This suggests that in the studied systems, compoundcompound interactions also exist. This is again suggested by increase in free volume which is found to increase. However, the decrease of internal pressure and increase in free volume is in very small magnitude. Thus, in the studied systems, both compoundsolvent and compound-compound interactions are present but their magnitudes are much different.
The magnitude and type of interactions are also predicted by a parameter Solvation number which is a measure of structure forming or structure breaking tendency of solute in a particular solvent. Figure 7 shows the variation of solvation number (S n ) with concentration. It is observed from figure 7 that solvation number increases with concentration for both the compounds and are found to be positive. The positive values of solvation number suggest structure forming tendency of the studied compounds in the studied solvents. This again proves that in studied solutions, compound-solvent interactions dominate. 
Conclusion
On the bases of the evaluated data, it is concluded that in both chloroform and DMF, predominance of compound-solvent interactions exist for both the compounds. Further, interactions increases with increase in concentration but decreases with increase in temperature. In DMF, high values of ultrasonic velocity are observed. "However, in chloroform reverse order of compounds for ultrasonic velocity is obtained, indicating thereby that compound SB-2 containing 4-methyl group causes strong solute-solvent interactions in chloroform than 4-fluoro group (as in SB-1).
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